The energetic consequences of fighting, which may depend on environmental conditions, can be an important factor shaping contest strategy and duration. Energy expenditure may be costly to fitness because it depletes reserves that could otherwise have been allocated to reproduction, and metabolites are produced that may constrain subsequent activities. We examined the variation in the metabolic consequences of fighting in relation to hypoxia. Contests were staged between pairs of size-matched male shore crabs, Carcinus maenas L., under a range of water oxygen tensions (between 10 and 100% oxygen saturation) which crabs experience in their natural habitat. Fighting under normoxic and hypoxic conditions resulted in significantly elevated concentrations of haemolymph metabolites (L-lactate and glucose) compared with crabs at rest. However, these concentrations were much lower than in crabs that had been walking on a treadmill. Glycogen concentrations differed only under hypoxic conditions: glycogen stores were reduced in crabs after fighting and this reduction was similar to that after exercise on a treadmill. Contests were shorter when they were staged below a water Po 2 of 6.7 kPa (30% normoxia). As water oxygen tensions were reduced, fighting crabs had greater concentrations of L-lactate and glucose in their blood and tissues whilst glycogen stores were reduced. Fights became shorter when crabs were exposed to severe hypoxia (Po 2 =2 kPa) for increasing lengths of time, and blood L-lactate concentrations increased. The results suggest that as fights progressed, crabs experienced an increasing metabolic debt, in the form of accumulation of L-lactate and a reduction in energy stores, which was amplified by hypoxic conditions.
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The concept of the 'cost' of a given behaviour pattern, in terms of its negative effects on fitness, is critical to current ecological theory (e.g. Davies & Krebs 1978) . In the case of agonistic behaviour, various negative consequences have been considered, including injury (Shuster & Caldwell 1989), increased predation risk (Ellington 1983), reduction of time spent on other activities (Glass & Huntingford 1988 ) and increased energy expenditure (Hack 1997) . Two potentially detrimental consequences of fights, or any vigorous activity, are depletion of energy reserves (Plaistow & Siva-Jothy 1996; Neat et al. 1998 ) and accumulation of potentially harmful respiratory by-products (Thorpe et al. 1995; Neat et al. 1998 ). Both of these may constrain subsequent activity (Ellington 1983; Eckert et al. 1988 ). In the cichlid fish, Tilapia zillii, for example, fighting resulted in depletion of energy reserves and accumulation of L-lactate in the muscle tissues (Neat et al. 1998) . The metabolic consequences of agonistic interactions are not necessarily fixed, but may depend on ecological conditions (Sneddon et al., in press a). For example, high population density increases the costs of fighting in demoiselles, Chromis dispilus (Barnett & Pankhurst 1996) , and red-backed salamanders, Plethodon cinereus (Jaeger et al. 1983) , and both high population density and high water velocity increase the energy costs of territorial defence in brook charr, Salvelinus fontinalis (McNicol & Noakes 1984) . In the present study we attempted to quantify the extent to which energy stores are depleted and respiratory by-products accumulated in male shore crabs, Carcinus maenas, after fighting.
The shore crab inhabits rock pools that regularly become hypoxic (lower than normal oxygen conditions) or even anoxic (no oxygen) owing to respiration of rock pool biota (Hill et al. 1991) . It is very tolerant of these
